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MR. PRESIDENT AND GENTLEMEN,--In my first lecture I 
(

gave you a brief historical sketch of the discussions which
established upon a firm basis the criteria which I shall
make use of in the lecture to-day for the purpose of a
critical analysis of the homologies of the various cortical
areas found in the cerebral hemispheres of the lowlier.
vertebrata. This analytical study of the morphology of the
cerebral cortex cannot be wholly divested of its highly
technical and intricate character, because it deals with
matters difficult in themselves, but which have been rendered
infinitely more so by the various interpretations put upon the

facts and the confusion of nomenclature with which these
facts have been enshrouded by different writers. Neverthe-
less, this preliminary analysis is necessary before I can

attempt a synthesis of the evidence relating to the evolution
of the cerebral cortex in the vertebrata.

In my first lecture I explained to you how Professor
Osborn, starting from the conclusions reached by Professor
(afterwards Sir William) Flower in his researches on the
cerebral commissures, proved that the upper of the two
commissural bands found in the lamina terminalis of the
monotreme (Fig. 6) and marsupial brain (Fig. 3) was the
homologue of the topographically analogous commissure in
the brains of reptiles, birds, amphibians, and even of certain
fishes. It followed from this demonstration that, as soon as
modern research had rehabilitated the conclusions reached
by Professor (afterwards Sir Richard) Owen more than seventy
years ago that this upper commissure in the marsupial was
derived wholly from the hippocampi (Fig. 4), it became
a priori probable that the area of the hemisphere wall from
which the upper commissure sprang in ’the reptiles, birds,
and amphibians would prove to be homologous with the
hippocampus (compare Figs. 7, 8, 9, 10 and 11, hip.).
But these investigations yielded something more than

mere a praori probabilities. We have seen that the cerebral
cortex is fringed throughout the whole extent of its mesial
edge in the monotreme and the marsupial by a properly
developed and unmistakeable hippocampal formation. In
all other mammals such a fringe is found only in that part
of the mesial edge which extends from the uncus, near the
tip of the temporal pole, to the posterior end of the corpus
callosum (Fig. 1) ; but I have already called your attention
to the fact that the rest of the mesial edge bears an in-
significant rudiment, placed upon the corpus callosum
(Fig. 1 h") and in front of it (7b ... ) which morphological
research has demonstrated to be the much atrophied vestiges
of the anterior part of the hippocampal arc. Thus we find
definite evidence for the generalisation that in all mammals
the cerebral cortex is fringed with some structure represent-
ing a hippocampal formation along the whole extent of its
mesial edge-from the olfactory peduncle in front to the
region of the uncus behind and below.

For further elucidation of this matter see the figures
illustrating Lecture I., also my writings,2 and the beautifully

1 Lecture I. was published in THE LANCET of Jan. 1st, 1910, p. 1.
For most of the illustrations (Figs. 6 to 15) in this report I am indebted
to the Council of the Linnean Society.

2 A Preliminary Communication upon the Cerebral Commissures of
the Mammalia, with special reference to the Monotremata and Mar-
supialia, Proceedings of the Linnean Society of New South Wales,
vol. ix. (series ii.), pp. 635-657, October, 1894. The Origin of the Corpus
Callosum : a Comparative Study of the Hippocampal Region of the
Cerebrum of Marsupialia and Certain Cheiroptera, Transactions of the
Linnean Society of London, second series, Zoology, vol. vii., Part 3,

pp. 47-69, June, 1897 The Morphology of the 
Indusium and Striae

illustrated memoirs of Giuseppe Levi, which confirm and
extend my work on this subject.3
The recognition of the fact that the mesial edge of the

cerebral cortex in all mammals is hippocampus points to the
certainty that the corresponding part of the hemisphere in
the ancestors of the mammalia must also be hippocampal in
nature, and it also suggests the probability that this is a
fundamental feature in the architecture of the cerebrum

throughout the vertebrata. The failure to recognise this

morphological argument led Professor Ramon y Cajal to

reject the view that the mesial (medio-dorsal) part of the
reptilian cerebral cortex is hippocampus," and not only
prevented him from reaping the full harvest of his own
and his brother’s important researches on the histology of the
brain in reptiles and amphibians, but has also been

responsible for the committal and the perpetuation of an
error, which has found its way into most modern text-books
of physiology and many books on anatomy-namely, the

comparison of series of cortical nerve cells in different
vertebrates in the belief that they formed a phylogenetic
series. The whole value of such a comparison is destroyed
when we realise that the cells were taken from areas which
are not homologous.
But with the solitary exception of Ramon y Cajal all

modern writers on this subject admit that the mesial

fringing part of the cerebral cortex in all vertebrates
must be hippocampus. Nevertheless some anatomists have
failed to recognise exactly where the cortex ends and
where the ganglionic mass, which the late Professor
Huxley, in lectures delivered here in 18645 called

"septal area," begins. It is a signal instance of Huxley’s
perspicuity that he came to realise the important morpho-
logical fact that the septum lucidum is merely the
upper greatly stretched portion of the small and, in I
the human brain, quite insignificant band of ganglionic 1
matter in front of the anterior commissure, to which
Zuckerkandl many years afterwards gave the name gyrus
subcallosus." [In Fig. 1 (see Lecture L) p is the gyrus
subcallosus and p’ is the septum lucidum. In Figs. 15-17,
para. represents the paraterminal body.] Huxley grouped
the septum lucidum and gyrus subcallosus together and
called the whole "septal area." The septal area is the
surface of the ganglionic mass to which I have given the
name "paraterminal body "&mdash;" paraterminal 

" because in the
lowlier vertebrates, in which its upper part is not yet modified
to form the septum, its outstanding feature is its relation-

ship to the lamina terminalis ; and body" " to suggest its
analogy to the striate body, not only structurally but also
functionally.’ For the paraterminal body presents a relation-
ship to the hippocampus analogous to that which the striate
body has to the rest of the cortex (Fig. 17). It is one of the
merits of Flower’s work in 1867, to which I referred in my
first lecture, that he accepted and demonstrated the im-
portance of Huxley’s conception of the "septal area," the full
significance of which remained unappreciated until quite
recently.

Just as the projection fibres of the neopallium (as well as
many other tracts ascending to it) traverse the corpus
striatum in the mammalian brain, so in all vertebrate classes
the corpus paraterminale forms a matrix for fibres passing to
and from the hippocampus ; and part of the body in question
often becomes prolonged as a fringe along the ventral edge
of the reptilian and amphibian hippocampus, in a position
analogous to that occupied by the fimbria in the mammalian
brain (Fig. 15).

It is unfortunate that the late Professor von Kupffer should
have mistaken this paraterminal fringe in the reptilian brain
for the hippocampus itself-unfortunate, not only because
von Kupffer admitted the logic of the morphological argu-
ment I have been discussing in this lecture ; but especially
from the fact that the element of confusion which he has

Lancisii, Anatomischer Anzeiger, Band xiii., Nos. 1 and 2, 1897. The
Relation of the Fornix to the Margin of the Cerebral Cortex, Journal
of Anatomy and Physiology, vol. xxxii., pp. 23-58 (read before the
Anatomical Society of Great Britain and Ireland at Dublin, June, 1897).
Further Observations upon the Fornix, with Special Reference to the
Brain of Nyctophilus, Journal of Anatomy and Physiology, vol. xxxii.,
pp. 231-246, January, 1898.

3 Morfologia e Minuta Struttura dell’Ippocampo Dorsale, and
Sull’Origine Filogenetica della Formazione Ammonica, Archivio di

Anatomia e di Embriologia, 1904.
4 Studien &uuml;ber die Hirnrinde des Menschen, 1906, Heft 5&mdash;Bresler’s

translation into German. (Compare my Fig. 16, H.)
5 Medical Times and Gazette, March 5th, 1864, p. 256.
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thus unintentionally introduced is rendered far-reaching by
being embodied in his excellent contribution to that great
book of reference, Hertwig’s "Handbuch der Vergleichenden
und Experimentellen Entwickelungslehre der Wirbelthiere." 6

I have mentioned these matters, not so much for the
reason of putting aside once for all the teaching of Ramon y
’-"-’’’:1’01 --.::I -.....- T.T1_#""-
uajai ana von -isupirer
in reference to these

points in the morpho-
logy of the cerebral
cortex, as to bring
before you the third
element of proof that
the medio-dorsal I
cortex of the saur-

opsida and the ichthy-
opsida is really hippo-
campus.
We have now seen,

firstly, that the homo-
logy of the upper
cerebral commissure
in amphibians, rep-
tiles, birds, mono-
tremes, and marsupials
having been estab-
lished, the fact that
this commissure

springs from the hippo-
campus in the latter
two groups of animals

suggests the view that
in the first three groups
the area from which
it arises is also hippo-
campus. Secondly,
this view is further
supported by the consideration, which I have just been setting
forth, that the mesial fringe of the cerebral cortex must be
hippocampus. To these arguments I must add the third and
conclusive element in the evidence-that if the structure of
the hippocampal rudiment in the fcetal monotreme, the
asraugemeuo ui i’jo

fornix-nbres, its 11,3fornix-fibres, its rela-

tionship to the para-
terminal body, and
the structure of the
latter be compared
with the conditions
found in the reptile
there can be no room
for doubting the iden-
tity of the hippo-
campus in the latter.
A comparison of

Figs. 8 and 9, repre-
senting transverse sec-
tions across the cere-
bral hemispheres (and
their commissures) in
a foetal monotreme
and a reptile respec-
tivelv, will make this
argument clear. The
crucial regions in these
two sections are shown

upon an enlarged scale
in Figs. 13 and 14.

I have set out this
evidence in great de-
tail elsewhere and
given a series of dia-
grams to indicate how
convincing and final
the argument is. 7 We can take it, then, as an established
and incontrovertible fact that the cortical area which

6 Band ii., Teil 3, 1906.
7 On the Morphology of the Cerebral Commissures in the Vertebrata,

with Special Reference to an Aberrant Commissure in the Brain of
certain Reptiles. Transactions of the Linnean Society of London,
second series, Zoology, vol. viii., part xii. By the courtesy of the

immediately adjoins the ganglionic mass of the paraterminal
body is hippocampus, whether it be the brain of a mammal,
a reptile, a bird, or an amphibian that we happen to be

examining.
But even when we have attained a general consensus of

opinion that the medio-dorsal cortex of the reptilian brain is
- 

hippocampus, there
still remain for sotu-

tion two fundamental

problems in the inter-
pretation of this cor-
tical area : (1) How
much of the cortex

represents the hippo-
c a m p a 1 formation ;
and (2) what is its
nature - i. e. , is it

specialised into fascia
dentata and hippo-
campus sensu stricto ?

) 
The attempts at

 answering these two
t queries have yielded
/ many conflicting in-

terpretations, which

 are a source of the

J greatest confusion in
the current literature
of cerebral morpho-
logy.
With reference to

the first query, How
much of the reptilian
cortex is hippo-
campus? - there can
now be no doubt as
to its mesial limita-

y
The outlines of the mesial aspect of the brain of Ornithorhynchus, shown in

Fig. 5 (THE LANCET, Jan. 1st, p. 5). The line x, y indicates the plane in
which the section represented in Fig. 7 was cut.

tions. This has been made clear in the foregoing remarks.
But where it ceases on the dorsum of the hemisphere is still
a matter of dispute.

In many reptilian brains three distinct parts of the:pallium, which forms the roof of the hemisphere (Fig. 16),.
are recognisable 4.-tl -are recognisaoie Tne-
mesial (medio-dorsal)
cortex (H), the dorsal
cortex (D), and the-
lateral cortex (L).

Fourteen years ago,
as the result of a de-
tailed comparison of
foetal monotreme and
reptilian brains, I was
led to adopt the view
adumbrated in 1892

by Dr. Adolf Meyer 11
that the mesial cortex
alone represents the-
whole e hippocampal
formation. Within,
recent years Dr.

Giuseppe Levi 9 has-
come to the support of-
Meyer and me in,

maintaining this

opinion. But Pro-
fessor Edinger 10 and’
Dr. Ariens - Kappers-
have lent the weight.
of their great autho--
rity to another inter-
pretation, in accord--
ance with which the
medio-dorsal cortex:

(H) represents the-

lr.Y. """-’ -- -T’-

Transverse section of brain of platypus, cut in the plane x, y (Fig. 6). c. d.,
Hippocampal commissure. hip., Hippocampus. f. d., Fascia dentata. para.,
Paraterminal body. rec. s., superior recess of third ventricle.

fascia dentata only, while the dorsal cortex (D) is the-

hippocampus sensu stricto. Ramon y Cajal, who, as 11.
have already mentioned, opposed the view suggested by

Council of the Linnean Society I am able to reproduce some of these-:
diagrams here.

8 Zeitschrift f&uuml;r Wissenschaftliche Zoologie, Band lv.9 Op. cit., supra. 10 Vorlesunger, 1908.
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Meyer and me that the mesial cortex (H) was hippocampal,
has brought forward fatal objections to the interpretation
suggested by Edinger and Ariens-Kappers by demonstrating
that the mesial cortex cannot be regarded simply as fascia
dentata.
However, the histological facts, which have been so

clearly elucidated by Ramon y Cajal, do not clash with the
interpretation of the mesial cortex as a hippocampal forma-
tion ; on the other hand, they help to explain much that was
obscure, and they have enabled me to complete the chain of
evidence concerning the
nature and the mode of

specialisation of that
formation into fascia
dentata and hippocampus
sensu stricto.

[With the help of a

large series of diagrams
the lecturer then explained
the objections to Edinger’s
and Ari&euml;ns-Kappers’s inter-
pretation and the definite
and precise reasons for
regarding the’medio-dorsal
cortical area alone as

hippocampal formation.] ]
In many reptiles the

hippocampal cortex differs
,in texture at its mesial

(ventral, Fig. 16, a) and
lateral (dorsal, Fig. 16, b)
extremities ; at various
times Meyer (1892), I

(1896), and Levi (1904) have
suggested that the develop-
ment of more numerous

and smaller cells at the
mesial end (a) was a phase
in the evolution of the fascia dentata. An examination of
the minuue structure of this mesial small-celled part justifies
the statement made by Ramon y Cajal that it would not be
correct to call it I fascia dentata," yet it is quite certain
that it represents a stage which is already far advanced on
- the way to the differentiation of a true fascia dentata (see
Fig. 17).
The column of cells in the mesial cortex (H) of the reptile

contains cells

closely resembling
and almost as

highly specialised
as those of the
mammalian fascia
dentata, but inter-
mingled with cells
of a form like
those found in the
hippocampus (sense, C.
stricto) o f the e c.

mammal as well as
a third category of
cell intermediate
between the other
two in structure
and in the nature
of its fibre con-

nexions. At the
mesial end of the
- column (a) the first
class of cell is
dore abundant; at
the lateral end (b)
the other types. In
mammals the second and third categories of c 311s disappear
entirely from the main column of cells at its mesial end and
thus the rudiment of the fascia dentata is formed. Some of
the other two categories of cells remain on the ventricular
side of the column and form the so-called nucleus fasciae
dentata. In the lateral part of the column the dentate type
of cell disappears and we have the hippocampus sensu stricto

zaps the result. Thus, in the mammal the hippocampal forma-
tion becomes specialised to form its two characteristic parts

-the fascia dentata, which is a receptive mechanism for
impressions of smell, and the hippocampus proper, which
receives afferent impulses mainly through the intermediation
of the fascia dentata and gives off projection fibres to other

parts of the nervous system. If we call the fascia dentata
olfacto-sensory the rest of the hippocampal formation might,
perhaps, be termed olfacto-psychic, on the analogy of the
terminology applied to the visual cortex in the neopallium.
Having established the homology of the medio-dorsal

cortex in the reptilian brain let us now briefly consider the
significance of the dorsal (D)
and the lateral cortex (L).
Edinger and Kappers re-
gard the dorsal cortex (D)
as being the representative
of the hippocampus sensit
stricto (i.e., that part of
the hippocampal forma-
tion which is not fascia
dentata and forms in the
mammalian brain the
hippocampal bulging into
the lateral ventricle); and
the former writer looks

upon the lateral cortex (L)
as the homologue of the
neopallium.

There seems to me to be
sufficient evidence that the
lateral cortex (L) receives
the terminations of the
nerve fibres of the lateral

olfactory tract, and that
t for this reason, as well

as on general morpho-
logical grounds, it is
to be regarded as the
homologue of the lobus

A corresponding section through a fcetal monotreme brain (Echidna).
Same lettering as in Fig. 7. Note that the rudimentary fascia
dentata has come into line with the hippocampal column of cells.

UJ..l’V ivmua

pyriformis of the mammalian brain.
If we study the anatomy of the brain in the lowliest

mammals it will be found that the neopallium becomes reduced
to very small proportions in such marsupials as the bandi-
coot" (Peranreles) and the" marsupial mole" (Notoryctes),
and presumably in these animals we approach as nearly as
possible to the condition found in reptiles. In these brains
the narrow area separating the mesial cortex (hippocampal

formation 11 ULU 1.Jl.J.t:;

lateral cortex (pyri-
form lobe) is com-
posed of of neo-

pallium ; and by
analogy I had

imagined hitherto
that the dorsal
cortex of the reptile

18. (D) must be the
earliest representa-
tive of the neo-

pallium. But there
are many objections
to the adoption of
this view, which,
on further study,

o. have become so

overwhelming that
I feel compelled to
reject the hypo-
thesis of the neo-

pallial nature of
the dorsal cortex.

In the mamma-
lian brain there

is a strip of cortex immediately on the peripheral side
of the hippocampus, which is commonly called the
"subiculum hippocampi"; when i the hippocampal forma-
tion extends upwards to the splenium of the corpus
callosum and passes into the insignificant vestigeal
band upon the corpus callosum, the subiculum does
not end there, but is continued forward at the lower

part of the gyrus cinguli. This is the cortical area

from which Koelliker, Zuckerkandl, Oskar Vogt, and

C. V. /.

A corresponding section through a reptile’s brain (Hydrosaurus). Same lettering as
in Figs. 7 and 8.
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Ramon y Cajal, amongst others, have shown fibres of the
fornix longus to arise. As Ariens-Kappers has well said,
this area does not properly form part of the neopallium : it
is really a transition region between it and the hippocampus.
I have come to the conclusion that it is a closer approxima-
tion to the truth to regard the dorsal cortex of the reptilian
hemisphere (D) as comparable to that part of the gyrus
cinguli (the interhemispheric cortex " of Ramon y Cajal),
which is related to the fornix system. ’

FiG. 10.

A corresponding section through the brain of a fceta.1 Tuatara
(Hatteria)-for comparison with Fig. 15, to explain how the
paraterminal body (para) gets into the position shown
there.

It will be observed
that we are returning
once more to a con-

ception such as the B
genius of Broca
embodied in the idea
of a limbic lobe, which
found more exact ex-

pression under the
name "falciform
lobe," as it was later
modified and defined

by Schwalbe.
[With the help of a

series of diagrams the
lecturer explained the
reasons for the adop-
tion of this view, and
demonstrated the two-
fold arrangement of

olfactory paths to the
reptilian hippocampus
-into its mesial fringe
by fibres (Fig. 16, f)
springing from the
base of the hemi-

sphere and others (p)
coming from the lateral
direction from the pyri-
form lobe, vi&acirc; the
dorsal cortex.]
We are now in a position to outline the chief phases in the

evolution of the cerebral cortex.
Beginning at the root of the vertebrate phylum we find

that the lamprey (Petronzyzon) has a cerebral hemisphere
no bigger than its olfactory bulb. Into almost every part of
the surface of this hemisphere nerve-fibres pass directly
from the olfactory bulb. According to the recent researches
of Dr. Tretjakoff of St. Petersburg, the whole surface of the
hemisphere in the larval lamprey (Ammoc&oelig;tes) receives such

fibres, but in the adult there is, I believe, a definite
primordial cortex to which smell impressions pass indirectly
through the intermediation of another part of the hemisphere.
Even in this primitive brain there is already some slight

indication of a differentiation of structure in the hemisphere.
The greater part of the surface represents the rudiment of
that basal cortex-like structure found higher in the vertebrate-
scale, which is called tuberculum olfactorium. Lying deeper,
around the ventro’-Iateral aspect of the lateral ventricle, is the

Fzr. 11. FiG. 12.

FIG. 11.-A corresponding section of a frog’s brain to show its
conformity to the same general scheme exhibited in Figs. 7,
8, 9, and 10.

FIG. 12.-The frog’s lamina terminalis (compare Figs. 6 and 14)
to show the plane In which the section shown in Fig. 11 was
cut, and to demonstrate that the recessus superior (rec. s.)
is identical in mammals, reptiles, and amphibians -i.e., the
essential relations of the hippocampal commissure to the
ventricle are identical, a fact denied by Johnston and other
writers.

primordial corpus
striatum, the part of
the hemisphere which
is brought into rela-

tionship on the one

hand, with afferent
from the tuber-

culum olfactorium, and
perhaps with others

coming up from ther

hypothalamus, and, on
the other hand, emits

projection fibres pass-
ing both to the hypo-
thalamus (and lobus

:. inferior) and to the
thalamus (ganglion
habenulas). There is a
third part representing
a primordial pallium
lying at the dorso-
mesial aspect of the

hemisphere, where the
’ 

latter is joined to the
epithelial roof of the
fore-brain.

In its most primi-
tive form the brain of
the vertebrate animal
might be compared to a
close confederation of

The crucial region from Fig. 8 shown on an enlarged scale to show the precise
relations of the paraterminal body (para.), recessus superior (rec. s.), and
fascia dentata (f.d.).

States, none of which is absolutely dominant. The cerebral
hemisphere is little more than an instrument for the reception
and conscious appreciation of smell impressions and a means
whereby such impressions may bring their influence to bear
on the nervous mechanisms which regulate movements, and
so contribute their quota to the forces which control the
behaviour of the animal and its reactions to its
environment.
The mid-brain is related in an analogous manner to the
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visual organs, and in the
lowliest vertebrates prob-
ably exercises a more potent
influence than the cerebrum.
But even in Petromyzon
there are numerous connect-

ing links between these
different sensoria, which en-
able the impressions coming
from one organ to influence
the activities of the recep-
tive apparatus of another
sensory mechanism. The

higher organisation of the
brain is brought about by
the extension of all the

sensory paths up to the cere-
brum and the evolution
within the hemisphere of
mechanisms for receiving
and blending the various

impressions of an object, so
as to awaken a conscious-
ness of all its properties, as
they appeal to the senses of
smell, taste, touch, sight,
hearing, &c. But the cere-
bral hemisphere does far
more than this-it provides
a site far removed from the

merely executive parts of
the nervous system where
these various sensory im-

pressions, or the states of
consciousness which they
awaken, may be in some way
recorded, so that later on
new impressions may be

influenced, compared, and
tested by the results of
these foregoing experiences.
In other words, the cere-

brum attains its dominant

position m tne merarcny ot Tne oraIn mainly uecause it

provides the means for the evolution of an organ of
associative memory.
But it took long ages of experiment before Nature slowly

evolved from the primitive Petromyzon type of brain this

r:

- v WA 41 W; , - C.)p (,.
A section cut transversely through the foetal Tuatara brain in
the region of the foramen of Monro (f. M.) to show the
paraterminal appendage (para.) of the hippocampus (hip.)
which was mistaken for the latter by von Kupffer.

organ of associative memory, which is found in its fully
developed form only in mammals.

In sketching the present state of our knowledge concerning
the origin of this highest type of cerebral hemisphere it is
convenient to restrict our studies mainly to the consideration
of four selected types: (1) a particular selachian ; (2) a

dipnoan ; (3) a reptile ; and
thence pass to the lowlier
mammals. Without a much
larger allowance of time
than I have at my disposal,
it would simply be adding
to the difficulties of the

subject to refer to the

specialised forms of brain
found in most fishes and
amphibians. The mud-fishes
(dipnoi) are much nearer

the main line of amniote
evolution than the amphibia
and most other fishes, and
so far as the special object
of these lectures is con-

cerned, i.e., the evolution of
the cortex cerebri, the

dipnoi exhibit a more highly
developed-at any rate, a
much more reptilian-like-
pallium than we find in any
of the amphibia. Birds

again present such a highly
specialised and diversely-
modified cerebrum that they
have quite left the path
leading to the formation of
a neopallium and evolved a
mechanism peculiar to their
own class, which does much
the same kind of work as
the neopallium.

. If, after examining the
cerebral hemisphere in the
lamprey, we turn to the
elasmobranch fishes a much
more definite specialisation
into the three parts men-
tioned in the case of

Petromyzon will be found.
The fish which lends itself

best to our purpose is one described by Professor Edinger and
Dr. Ariens-Kappers under the name Spinax niger. 11 In a trans-
verse section through the hemisphere of this brain there will
be seen upon the dorsal aspect a definite cortex cerebri or

pallium forming almost a third of the section. Upon the
ventral aspect there is another cortex-like structure-the
tuberculum olfactorium--forming almost half of the section ;
separating this from the cavity of the lateral ventricle there
is a thin layer of grey matter representing the primordial
corpus striatum.

FIG. 16.

The upper part of a transverse section through the right
hemisphere of a reptilian brain. H, The medio-dorsal cortex
or hippocampus. D, The dorsal cortex. f, Fornix. c.P.,
Corpus paraterminale. C.ST., Corpus striatum. v, Lateral
ventricle.

Thus by an easy step we have passed from the most
primitive type of vertebrate brain to one in which a true and
definite cerebral cortex or pallium is present. It is an even

simpler matter to pass from the condition found in this
selachian hemisphere and institute an exact comparison with
that of the South American mud-fish Lepidosiren.12

11 See Edinger, Bau der Nerv&ouml;sen Zentralorgane, Band ii, 1908, fig.
265, p. 299.

12 I have described this in some detail in the Anatomischer Anzeiger,
Band xxxiii., 1908, pp. 513-540.

The corresponding part of Fig. 9, similarly enlarged to show its
identity with the mammalian plan (fasc. here is not fascia
dentata, but a particular fasciculus of the fornix in the para-
terminal body).
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The general scheme of the constitution of the hemisphere
in Levidosiren closely resembles that of Spinax but the

specialisation of the different parts has been carried to a
much higher stage. The pallial formation contains a more
compact and regular layer of cortical cells; its lateral ex-
tremity shows signs of commencing specialisation to form the
rudimentary pyriform lobe (compare Fig. 16, L), into which the
fibres of a definite lateral olfactory tract penetrate; and the
mesial extremity of the pallial formation is a definite
primordium hippocampi (compare Fig. 16, H) with a well-
developed system of fornix fibres in relation with it (compare
Fig. 16, f ). The hippocampus and the paraterminal body
(compare Fig. 16, c P), which is functionally associated with
it, are intimately
connected with
the lobus inferior
(of the hypo-
thalamic region)
both by descend-
ing and ascend-
ing fibres ; and it
is possible that
some of the latter
may carry gusta-
tory impulses
into the cerebral
hemisphere from
the lobus in-
ferior, into which
(in the case of
teleostean fishes)
Professor Judson
Herrick has
traced large
tracts carrying
impulses upward
from the taste
nerves inserted
into the medulla

oblongata.
In Lepidosiren

the tuberculum
olfactorium be- 

B 

comes so large
that it forms
more than half
the hemisphere,
and its cortex is
most richly de-

veloped. It 
receives smell

impulses direct
from the olfac-

tory bulb, and

probably exerts
an immediate in-
fluence upon the

corpus striatum,
which is so inti-
mately related to
it, and through
it acts upon the
more caudally-
placed parts of
the brain.
The brain of

Lepidosiren is s

sufficiently
highly organised
to permit us to
take the great step upward from the mud fishes to the
reptiles without running any risk of sacrificing accuracy in
our comparisons.

Compared with the condition of the hemisphere in
the mud-fish that of the reptile presents three out-

standing features of contrast. The pallial formation
has undergone a great increase in size and an even

more noteworthy specialisation in structure ; the corpus
striatum has become very much larger ; and the tuber-
culum olfactorium has become smaller, its cortex espe-
cially being much less richly developed than that of
Lepidosiren.

The higher degree of specialisation of the cortex is largely
the result of a perfecting of the smell-mechanism ; both the
mesial and the lateral parts of the pallium (Fig. 16, H and L)
become specialised and set apart from the intermediate
(dorsal) cortex (D), and the hippocampal formation itself (H)
shows signs of commencing specialisation to form the fascia
dentata (a) and hippocampus sensu stricto (b). The fornix

system (f) has become more highly developed and the
paraterminal body (c p) has increased in bulk. In mammals-
it is a well-known fact that when an animal takes to living in
water its olfactory apparatus dwindles until, in some of them
which lead a wholly aquatic life (for example, certain whales
and porpoises), the smell-organs vanish completely. In the

lowlier verte-

brates, however,
the olfactory
organs seem to be-
able to perform
their functions in
water ; neverthe-
less, even in such
animals they
would probably
become capable
of a wider sphere
of usefulness if
the animal were
to leave the-
water and take to

dry land. Thus
it is that in the
reptiles, the low-
liest class of ver-
tebrates adapted
for leading a

P. wholly terrestrial
existence, the
sense of smell
takes on an en--

hanced import-
ance and the

olfactory part of
the brain - the
cerebral hemi-

sphere-shows a
marked advance
in size and degree
of specialisation.
In the reptilian

brain the mass of
fibres connecting
the corpus stria-
tum to the thala-
mic and other
regions of the
brain shows a.

noteworthy in-
crease in bulk.

Amongst these
fibres, which
form a projection
system analogous
to that of the in-
ternal capsule in
mammals, there-
are also present
large numbers of
ascending fibres,
which are coming
- --- 

- - ** &mdash; &mdash; &mdash; T.O.
A diagram representing the essential features which a coronal section through the anterior
end of the right hemisphere of a hypothetical promammal must have presented. H, The
hippocampus. D, Its mesial part in process of specialisation to form the fascia dentata.
a, Its "dentate cells." c, Its "hippocampal cells." b, An intermediate type of cell.
f, f’, Fornix. c.P., The corpus paraterminale. T.o., Tuberculum olfactorium. s, The
dorsal cortex (compare D in Fig. 16), now become the subiculum hippocampi. L, The
lateral cortex of the reptile, now become the lobus pyriformis. N, The earliest rudiment
of the neopallium. c.s., The corpus striatum.

region of the thalamus to terminate in the cerebral hemi-
sphere. These fibres are of the utmost importance in the study
of the history of the developing cortex. Our knowledge of
them is as yet very imperfect and wholly inadequate for our
purposes ; yet, scanty as it is, its significance is very great.
The histological researches of Ramon y Cajal have familiarised
us with the endings of this system of fibres ; but most of our
knowledge of the nature of these tracts has been supplied
by the important comparative and experimental researches of-
Edinger, Wallenberg, Gordon Holmes, and Ariens-Kappers.

It is well known that birds possess- very large and highly
developed cerebral hemispheres, in spite of the fact that in,
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many of them the sense of smell is of little consequence and
the olfactory apparatus is very much reduced in size. It is
obvious that the greatness of the hemisphere must be due to
the admission into it of the paths coming from some other
sense organs. Visual impulses certainly make their way into
the bird’s cerebrum ; and Edinger, Wallenberg, and Holmes
have demonstrated the presence of large tracts carrying to
the hemisphere impulses collected by the trigeminal nerve,
probably from the beak, the tongue, and other oral tactile areas.

In reptiles, which Huxley long ago showed to be nearly
allied to birds, the thalamic nucleus in which the trigeminal
lemniscus terminates is also largely developed ; tracts pass
from it into the corpus striatum; it is thus practically
certain that a considerable proportion of the fibres which may
be seen in the corpus striatum of any reptile, streaming up
towards its dorsal surface, are the paths by means of which
sensory impressions are being poured into the hemisphere.

It is well known that many reptiles use their tongues as
tactile organs and test their food by associating impressions
of smell and touch. It is also more probable than not that
visual impressions can make their way into the reptile’s
hemisphere, but as yet the evidence is not altogether con-
clusive ; and of the auditory paths even less is known.

It is probable that the enhanced importance of the sense
of smell in reptiles, which followed upon their adoption of
terrestrial habits, added to the functional value of the
cerebral hemisphere, which had hitherto been an essentially
olfactory organ; into relationship with these structures,
which are concerned with the consciousness of smell and
taste, it was natural that there should be brought the fibre-
tracts conveying impressions from the tactile organs of the

mouth, which stand in such intimate functional relationship
with those senses. Thus the hemisphere in the reptile
became a place of blending of the consciousness of the smell,
taste, touch, and perhaps sight also, of objects which
stimulated the organs of these various senses.
The admission of these new sensory paths into the hemi-

sphere produced very marked effects, which are of very great
significance, though they must be regarded merely as pre-
monitory signs of the much vaster and far-reaching effects
of the extension of the same process which characterise the
birth of the mammalia and the evolution of that essentially
mammalian organ-the neopallium.
The sensory fibres newly admitted to the hemisphere make

their way to the dorsal aspect of the corpus striatum, and/as
the immediate effect, the cortex in the neighbourhood takes
on a sudden and rapid growth. This leads to great con-
fusion in the structure of the hemisphere at the pallio-striate
junction, the exact details of which have not yet been
properly elucidated. There is, however, no structure to

which the designation " neopallium " can be properly applied,
even though we recognise that the disturbance produced is a
sign of the first stage of the labour attending the birth of
the new pallium.
One curious manifestation of these disturbing influences is

seen in the ingrowth (towards the lateral ventricle) of part
of the overgrown pallium, forming a structure, to which

Edinger gave the name epistriatum. " 13 The epistriatum is
not part of the striate body but is cortical in nature. More-
over, it is not a morphological subdivision of the hemisphere
which can be identified in other groups of vertebrates, as
many anatomists believe ; it is merely a peculiar adaptation
of structure to meet the conditions special to the reptile-
namely, the disturbing influence of the recent admission of
tactile impressions to the hemisphere.
Very great confusion has been introduced into the litera-

ture of brain anatomy through the failure to recognise that
the conditions which have called this epistriatum into being
are peculiar to reptiles, and that it is futile to search for
any exact homologue of that body in other vertebrates.
’ " Epistriatum " is a term which can be employed without
confusion only in reference to the reptilian brain.

I have now sketched the main phases of the progressive
development of the cerebral cortex in the vertebrate series
until we have seen the premonitory signs of the crowning
achievement of the process-the appearance of the ultimate
product of the evolution of the animal fabric, the neopallium,
which is the " organ of mind."
For the purpose of focussing the light which the study of

the lowlier vertebrate types of brain has shed upon the

13 For the most primitive form of epistriatum see the illustrated and
descriptive catalogue of this museum, vol. ii., 1902, Figs. 32 and 33,
pp. 122 and 123.

nature of the mammalian cortex I have constructed a,

diagram (Fig. 17) to represent the essential features which
the cerebral hemisphere of the reptilian-like ancestor of the-
mammalia must have exhibited. No living reptile is in the-,
direct line of mammalian descent, so that the detailed come
parison of the brain of any one reptile with that of a
mammal is liable to lead to error. But if we take those
features common to all reptilian brains and make a diagram
representing a phase intermediate between that common
denominator and the state of affairs found in the most

generalised marsupials we arrive at what we may truly call
the I promammalian " type of hemisphere represented in
Fig. 17. It exhibits the essential relations of the two funda-
mentally distinct cortical areas-the basal or tuberculum
olfactorium (T. 0.) and the true cortex or pallium (D, H, s, L).
The latter is differentiated into hippocampus (H), subiculum
hippocampi (s), and lobus pyriformis (L) ; and between the
latter two the newly differentiated ’’ neopallium " (N) is seen
in its earliest phase. The paraterminal body (c. P.) is the
ganglion of the hippocampal cortex and is related to its

fibre-systems (f, ,f’, g, and t) in a manner closely analogous
to that of the corpus striatum (c. s.) to the fibre-systems of
the neopallium and pyriform lobe (k, r, h, and s).
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LADIES AND GENTLEMEN,-One of the most interesting
and least common of all diseases occurring in childhood
has been termed congenital family chol&aelig;mia, or familial
recurrent periodic jaundice. It is a condition not peculiar
to childhood, for these patients may live to grow up and
may marry and have families, some members of which may
in turn show the same disability.
The great interest of this disease or fault does not lie so

much in its rarity or in its hereditary characteristics as in the
possible light that it may throw upon diseases of the spleen
in their relation to the blood and liver. At the present time
we are accumulating a vast number of facts about diseases
of the spleen and the blood changes connected with them,
and we recognise that in some of these conditions the liver
is grossly affected, in others it is not, but the solution of the
problem still remains a great mystery. This rare disease
seems likely to throw some light upon the subject if we can
only collect a sufficient number of cases for observation.
Even those I am about to describe will illustrate some points
of special interest in this study, and they show some pecu-
liarities which may have been observed before but which
have not, I think, been put forward. It is, indeed, almost
impossible not to observe some interesting fact if you have
a family of this kind under your care for any length of time.
The cardinal features of my cases can be described in a few
sentences. 1. They have all had jaundice immediately after
birth. 2. They have had more than one attack. 3. They
all have enlarged spleens and during their attacks enlarged
livers also. 4. They are all anasmic and show definite

changes in the blood. 5. Lastly, they are all somewhat
undersized and delicate.
These three cases were shown at a clinical meeting of the

Medical Society of London by Dr. W. L. Scott and myself
in the spring and belong to the same family, and we are
greatly indebted to Dr. Sidney Martin and Dr. Risien Russell
for permission to use some of the notes made while under their
care. The history of this family, so far as we could ascer-
tain, is as follows. Their paternal grandmother had several
attacks of jaundice and their mother suffers from bilious-
ness. The family itself was 13 in number but 5 are. dead.
Two died from "consumption," one from "pneumonia, and
two died in the first week of life from unknown causes. In
accord with all the most characteristic cases on record there


